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EVALUATION

The purpose of this effort was to test and evaluate the
LOGEEPAN II Optical Character Reader System to assess
ifs potential for conversion of free formatted multifont
typeset Russian text to a computer processable format
compatible with the Russian-English machine translation
system at Foreign Technology Division (FTD).

LOGOSCAN II scanned 27 pages of Russian text supplied by
FTD. The system scanned the text at approximately 30
characters per second with an error rate of 1.0 - 2.0%.
The resultant study demonstrated that the scanning of
Cyrillic text is feasible, and that the difficulties
encountered in scanning are due to difficulties inherent
in Cyrillic text.

EEEQ§§AN Il is currently not a production system. Further
work in the areas of scanning speed, recognition accuracy
and post editor programs to correct errors is needed for

such a system.

80/».\, a. Aot e,

Project Engineer
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A. INTRODUCTION

The optical scanning of typeset Cyrillic text is perhaps the
ultimate test of an OCR system's recognition algorithm. The
problem divides logically into four parts:

l. recognizing the character boundaries;

2., differentiating the character from all others in a
reference alphabet;

3. tracking a skewed line, and recognizing line boundaries;

4, selecting the correct reference alphabet from a set of
possible reference alphabets.

The Logoscan II System solves all four of these problems.

B. SCOPE OF THIS STUDY

The Statement of Work for this contract states its objective to
be the "testing and evaluation of the Logoscan II Optical Reader
(OCR) System to assess its potential for conversion of free-
formatted multifont typeset Russian text to a computer process-
able format compatible with the Russian-English machine trans-
lation at Foreign Technology Division (FTD)."

Twenty pages of the book:

HRoknanu
Axanemuu Hayk CCCP

were selected as representative of the general problem and are
the subject of the present report. The book contains five
separate fonts, viz., three title fonts, one main corpus font,
and a bibliographical font. Due to the limitations of time and
funding, Logoscan II has been optimized on the main corpus font
only. Although all five fonts were placed in its memory and
were used during the scanning operation, no effort has been made
to increase the accuracy rate of these other four fonts. They
can, of course, be brought to the same level of accuracy as the
main corpus font at a later time. There is no inherent problem
in the fonts themselves, nor in Logoscan II's ability to

handle them. The primary aim has been to demonstrate a capa-
bility to scan such text with an accuracy rate and speed which
would be significantly more economical than current manual

techniques.
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C. EQUIPMENT USED IN THIS STUDY

Many off-the-shelf OCR units were available; however, tihe ECRM
4500 proved to have the best combination of light source (a
laser) and paper moving mechanism. A Data General S130 Eclipse
was selected as the computer which processes the scanner's

raw video data. The selection criteria in this case were:

(1) compatibility with existing Logoscan I programs; and

-(2) a micro-code language which allowed Logos engineers to
optimize certain high frequency program loops.

Logos engineers supervised the building and testing of a
special purpose interface to control the functions of the
4500, which bypassed the 4500's internal PDP8 computer. This

interface used a DMA channel for rapid transfer of information
from the ECRM to the DG.

The functions of the ECRM are all controlled by the S130
using an interrupt driven operating system.

Appendix D contains a detailed list of the equipment used
during this study.

D. TECHNICAL PROBLEMS

The four problem areas stated above are detailed here:

1. recognition of the character boundaries:

Since this book contains proportional spaced characters which
are for the most part seraphed characters, a scanner operating
at a 4 mil resolution frequently encounters touching characters.
This would be true even at a 1 mil resolution, due to quality
of certain sections of the typeset page (Page Bl). The
Logoscan II algorithm has been designed to search for clues as
to the location of a boundary between touching characters even
when they are proportionately spaced.

The upper and lower limits of a character, particularly when
there are many ascenders and descenders (Page B4) are difficult
to find. Line skewing compounds this problem. Once again, the
algorithm because of its design can track a line and eliminate
ascending or descending characters from contiguous lines.

It is this ability to define character boundaries in a propor-
tionally spaced line, in the presence of noise, in a tight line
spacing, and for in highly seraphed fonts that makes Logoscan II
a fourth generation OCR device. The second characteristic which
identifies the system as a new generation of OCR is its signature
algorithm, viz., standard masking techniques are not used.




Characters such as the Russian H can be broken, that is, the two
solid vertical strokes can appear to be two separate characters
if the horizontal stroke is weak or missing. Logoscan II uses a
hardware/software combination to solve this problem.

If the horizontal stroke is merely weak, good resolution will
enable the system to see a stroke that might be missed with a
less sensitive read head. To this end, Logos engineers modified
the paper moving subsys em, i.e., the ECRM now has an effective
resolution of 3 mils along the vertical axis of the page.

If the horizontal stroke is missing, however, Logoscan II relies
on rules to examine areas around what looks like a piece of a
character. If the system discovers a shape that, when added to
the first piece, could be defined as a character, it will merge
them and recognize a single character.

2, differentiating the character from all others in a reference

alphabet:

The main corpus font contains unigue characters, some of which
look very similar to an OCR device, e.g., a Russian ¥ and H.
The method of signature analysis used by Logoscan II enables it
to correctly differentiate such charactercs. The same character,
such as a Russian H, when examined at different times during the
scanning process, can vary (Page B7). The OCR must recognize
every occurrence of this character correctly, even if it appears
quite differently each time.

Characters can also vary from their normal appearance. This
could be caused by pieces missing (usually seraphs) or noise
that disguises the character's shape. The method of signature
analysis used enables the system to differentiate between
similar (but unique) characters, yet accurately identify
characters, even if they vary in appearance.

Appendix C illustrates the system's processing of sub- and
super-scripts.

3. line skewing and recognizing line boundaries:

Most OCR units introduce dynamic and static line skewing. This
is caused by the paper transport system, or by the original
positioning of text on the page. In addition, ascending and
descending characters make the job of defining the boundaries
of a line much more difficult (Page B4).
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Logoscan II will read text that is dense, i.e., greater than 8

lines to the inch, with ascenders and descenders, and can track
a line skewed by as much as one-half a line's height.

4. selecting the correct reference alphabet from a set of

reference alphabets:

The five fonts noted above can appear on any page. The system
tests a new line (if it was preceded by a blank line) against
each font and selects the one having the lowest error count.
Logoscan II can store in its main memory as many as ten such
reference fonts. If more were needed, its secondary disk

memory can be used and it could call in any number of
secondary fonts.

Although the solutions to the above problems have been incor-
porated into Logoscan II software, there remains a set of

problems related to the gquality and content of the typeset page.

o Background Noise

As figure 4, Page B2, illustrates, the reverse side of a page
shows through to the side being scanned. This background
noise is general throughout the book used during this study.
It cannot be eliminated, and its presence causes more than
half of the errors experienced on any given page.

The thickness and quality of paper used in a book govern the
degree of background noise. As the need and desirability to
scan typeset material becomes more widely recognized, the

problem of background noise could be largely eliminated by
the proper selection of paper.

o Foreground Noise

Dirt, ink spots, and poor quality paper all introduce distor-
tions to the character as seen by the laser light source.

Figure 3, Page B2.0, shows the sort of foreground noise
experienced in this book.

Identical Characters

A Russian H and an English H are the same character in the

main corpus font. Only a post-processor program examining
the character in context can differentiate such pairs.
Page A4 lists the combinations appearing in this book.

TH PO v e
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E. GENERAL METHODOLOGY

After interfacing the ECRM/S130 system, Logos personnel
concentrated on two main areas:

1. Recognition Speed

This activity required analysis of the Logoscan algorithms and
supporting programs searching for high frequency loops that
could be converted to S130 micro-code. Writing and debugging

this code paralleled the second effort.

2. Recognition Accuracy

The five fonts were acquired and repeated testing of the main
corpus font resulted in a fine tuned set of character
signatures for this font. ©No such fine tuning was attempted on
the other four fonts, nor were the Greek letters in the

main corpus font optimized.

F. TECHNICAL RESULTS

The recognition speed on any given line is now 30 characters per
second. The average recognition speed for a set of lines is 25
characters per second. This latter rate can be improved by
foreground/background tasking of data acquisition and
recognition at some later date.

The recognition accuracy for the main corpus font is now 98.6%.
A high percentage of errors can be traced to the source docu-
ment; although Logoscan II is designed to allow for wide varia-
tions within a character type, in this quality document,
characters are sometimes so distorted as to be recognizable

only in context.

G. IMPLICATIONS FOR FURTHER RESEARCH

The Logoscan II System is not now an operational system in a
production environment. It could be made cost/effective for a
number of Russian fonts with approximately three months of
further effort, and it would be able to input any Russian font
at a fraction of current keyboarding cost with nine months of

further effort.

H. A PRODUCTION SYSTEM

Certain facts about Logoscan II in a production environment can
be stated, and estimates of others are given below.
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The system can read original pages or Xerox copies.
the preparatory work is about the same, viz.:

Either way
1. mark graphics as shown in Figure BS5.
2. align one edge of paper at right angles to a line on the

page. This would not be required of a book typeset in

this country, but it is required for the book used in
this test.

3. feed the pages 50 at a time into the scanner's paper
feed tray.

The preparatory work for 50 pages is approximately one man-hour.

Reject Rate

Rejection rate corresponds to approximately .9 times the error
rate. That is, 9 out of 10 errors can be flagged as errors.
When Logoscan II is completed the estimated error rate for all
fonts will be between 1% and 2% for Cyrillic fonts. This spread
is a function of the quality of the original document. It would
be 1% for the book used 1in this study. Under these conditions
there would be 22 flagged eryors on a page, and given a good

CRT editing system, they could be converted to correct
characters in .041 man-hours.

Areas for Improvement

To achieve a full scale production system, certain new opera-
tional features would be required:

1. Additional special tests for problem characters.

2. A second ECRM unit interfaced to the S130. This would
allow parallel processing of two separate books.

3. Post-editor programs to correct errors automatically by

examining them in context.
4. A well thought out CRT editing system for Russian text.

As noted, about nine months of effort would achieve these goals.

Resultant Cost

Such a complete production system could be achieved in nine
months for approximately $310,000,including all hardware,




software and manpower costs.

Comparative Cost

Without current keyboarding cost accounting figures, no compari-
son can be made of automated vs. manual techniques. However, an
estimate can be made of the cost for a 2500 character page using
the full scale production system. The cost to achieve an

edited (therefore nearly error-free)} 2500 character page are:

1. System Costs:

Since the equipment will be user property after nine months,
only monthly maintenance fees and power requirements are

used as the basis for this estimate. 1In a one-shift, two-man
operation approximately 800 such pages could be processed

per day to the point where editors could begin correcting
rejects. It would require 4.1 editing operators to correct
rejects for these 800 pages. The system cost would be

$.036 per page.

2. Manpower Costs:

As stated above, these 800 pages would require two
operators and 4.1 editors per day, or .061 man-hours/page.
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Appendix A
Al  Sample page from " IOKJIAORI"
A2 Output from Logoscan II
A3 Russian-English Alphabet Map

used by Logoscan II
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Jlokaaam Axanemun mayg CCCP
1976. Tom 230, N\: 6

YK 547.963.3 QH3HYECKAA XHUMHUA

Yiaen-xoppecnonzent AH CCCP 1. T. KHOPPE,
C. I. 11I0NI0B, T. A. YIIMIITOBA

KIHETHYECKHE OCOGEUNOCTH AOHHHOR MORAHOHKANIM
BHIONOJHMMEPOB NJIf PEARIII, TPOTEKAIOUIMX C YYACTHEM
AKTUBHBIX NIPOMEKYTOUYHBIX YACTNI

Hunernueckne sakonoMepnocTd admuHoit MoaEduUKALIE B nacroauiee Bpe-
MA NpPOaRaN3aPOBAHAL A CY4asl, KOT/A pearchT UpeTepresacT npespautenlse
TOIbKO HAXOAACH B KOMILICKCe ¢ MoandunnpyemsiM 611j011MCpOM 32 cHeT Cy-
L{€CTBERHOTO BO3PACTalUs KOBCTAUTHEI CKODUCTIL BIAWMOACHCTRI pearmpyio-
meil Tpyunst ¢ MoguduuupyeMoii Ipynnoii OiononMepa p peaviLTaTe IX 1po-
crpascrsennoro c¢Ganxennun. B svom cayyae cxema npespanicuns samncpipaes-
cA B BERE

E+X=EX~EZ,

rae E ~ moxndngupyemnit Smomosnsmep, X — adunnptii pearent, EX — xomu-
nekc Guouoaumep — pearent, EZ — npoaykr mogundmxannn. Ilpn nocratoynowm
ra0EITRe pearcHTa KAHCTHKA PCAKOHU ONIICRIBACTCA KHIETHIOCKHM YpPaBleHn-
eM 1A peakLnd NepBoro Hopaaxa no GnonoauMepy ¢ Kakyuleficd KOHCTaHTOi
CKOPOCTH, 3aBHucAllell 0T Konueutpaunn pearenta (%, *). B pabore (*) pemenne
pacupocTpaueno Ha cayyaii odpaTuMoil Moxndiniranmy, ua cayyait, Koraa s apo-
uecce Mopuduraunn GLOHOINMED TPONGANT Hepes HECKOILKO IPOMCAIY TOGHBIX
COCTOHBRL, 1 TPeATI0ACH BPROIMACHNLIT MeTOA POTUCHIA AN €Iyaan, Koraa
KONI{CHTpalMsa Gnonoansepa se:14Ha 7010 /K¢ YOPSIjKA, 4TO T KOMILeHTpanus!
pearefTa.

B Rmacrosmieii pafore paccMarpmpaerces KuneTnka adnusoil Moandurannn
Aas cAYdas, KOTAa NpeBpallenne PeareHTa HpOXOANT Tepe3 HPOMeAYTOdHOe
ofpasopanae aKTOBHLIX YacTHL, NpnycM o0pazoBan@e 3TEX YACTHN ARJIACTCH
JnMETRpYIoNLell ctaaneii N p nepBOM UPUGAN/KEHAR IC 3ABUCAT OT NPUCYTCTBHA
mMoudimnupyesoro Gnonoanmepa. C TaknMy caynaaMn NPUXOANTCA CTAIKITRETH-
ca npn Goroadminoli mMopudnkaunn GuonoauMepos, pearenTamy, CoacpiHa-
mIAMI 83UARYIO FPYRIY, Korga AMMATUPYIOUICH CTAAHCN ABIHCTCH BpCRpaiRe-
nue asnanofi rpynnet » Gnpamtkan Burtpen (‘) n npa Momuduranan nponasoza-
HLIMII apOMaTHYCCKAX 2-XJIOPATHAAMIIIOR, HPN KOTOPOL JHMMATHpYVIOLlell cTa-
nneli OKA3LIBAETCH MpeBPaWiCRne 2-X0P2THAAMHHOIPYUNEL B PCAKUIONHOCIIO-
cobnuift aTnncunvMonnesmit katon (°). B arom caywac ofpasonarmnecs
aKTHBIKE NMPOMEKYTOYRBIE TacThn MOTYT anbo Mogudnnuponath (nonoavep,
ai6o pearnpoRaTh C MOJEKYJNAMA PACTBOPUTENA B APVITMA HO3KOMOICKYIAp-
HHIMH KOMIIOHEHTAaMN pacTsopa. B IpnEnnne ne MeKTIOMeRA ROAMOANOCTL I
Hecnenndueckoils moandmraumn Gnononnmepa. Tan eayvan adumunoro (koun-
JIeMCATAPAO-AAPECOBANNOI0) A IKIANPOBANA HYKICHHOBLIX K1IC10T HPON3ROI-
RLIME O.IRFOHYKICOTIAOB, HECYOUWIMHE OCTATOK apomaTideckoro 2-xXJopatna-
aMitEa, nokaaano, 910 Hecneunduyeckans mo;ndnKanAa  BHC  KOMIIeKCa
AYKICHHOBAN KUCTOTA — PeareHT NPONCXOANT B He3BadnTe LROIN cTenemm (P).
Han doroadnrnmx peareNToR oNUCANL CAVYAN AHaYATEILNON Hecnenndnanoi
monndrKkaunn 6uononamepa (7).

Al
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Dokl a d y Akade m ii nauk SSSR
1976, Tem 230% & 6

UDK 547.96Z2.2

Cler.korreepeudeut AN SS6R D. G. KPORRE,
S. N PIOFOR, T. A. CIMI7%RA

KINETICESKIE OSOVENNDSTN AFINNOI'HDDIFNKXDII T
(GO%x S XCXSTIEM
XKTFNN6F S PROHEJUTDCNéP*CXST}?ﬁ

Kineticeskiv zakoriomerrosti afinnol modifikagii v nasto4See vre-
m4 proanalizirovany dl4 slucad4, koSa reagent preterpevaet prevraSenie

"1oléko Tiaxoddsd v ¥omplekse s modifiqirueméX*1 bipolimerom Za scetl su-

Sestverinogo vozrastani4 konstarity skorosti vzaimodelstvi4 reagiruh-
Sel gruppy s modifigiruemol gruppol biopolimera v rezulétate ix pro

‘stranstvennore sblijernid. V 3tom slucae sxema preévraSenid zapisyvaet-

s4 v vide .
E+X=EX>EZ.

gde E modifigiruemyl biopolimer, X- afinnyl reagent, EX- komp-

leks biopolimer-reagent, EZ -produkt modifikagii. Fri dostatocrom

izbytke reagenta kinetika reakgii opisyvaetsd kineticeskim Utravokai-

em 414 reakgqii pervogo pqradka po biopolimeru s ka juSels4 konstantol
skorosti, zavis48el ot kongentragii reagenta (1, 2). V rabote (3) rewenie

‘Tagprostraneno i slucal obratimol modifikagii, na slucal, kogda Vv pro-

gesse modifikagii biopolimer proxodit cerez neskoléko prome jutocnyx
sostod4nil, i predlojen pribli jennyl metod rewenid4 dl14 sluca4, kogda
kongentragi®d biopolimera vE@licind togo je poriddka, ¢t i Kongentraqi4 —
reagenta.

V rasto45el rabote rassmatrivaets4 kinetika afinnol modifikagii

rl4a slucad, kogda previaSenie reagenta proxodit cerez proméjutocnoe
obrazovanie aktivnyx castiq, pricem obra3ovanie 3tix castiq 4vldets4
limitiruhSel stadiel i v pervom priblijenii me zavisit ot prisutstvié
modifigiruembgo  Dbiopolimera.Stakpmislicadmiprinoditsdstalkivatée="—
s4 pri fotoafinnol modifikagii biopolimerov. reagentami, soder ja-
Simi azidruh gruppuy, kogda limitiruhSel stadiel 4vllets4 prevraSe-

vie a3idrnol gruppy v biradikal Aitren (4) 71 pri modifikaqii proizvod—
nymi aromaticeskix 2~-xlor3tilaminov, pri kotorol limitiruhSel sta

diel okazyvaets4 prevraSenie 2xlor3tilamirogruppy v reakgiXnnospo-
sobnyl " 3tileéniamonievygl  Kation (3). V7 Itom sxucade  obrazZovavwies4d
aktivnye prome jutocnye castiqymogutlibomodifiqirovatébiopolimer,

libo reagirovaté s molekulami rastvoriteld4 i drugimi ni3komolekulédr-
nymi Komnohentami wastvora. V prifiqipe ne isklhcend vazZmojriostd 1~
rnespeqificeskol modifikaqii biopolimera. [14 s1lGca4d4 afinnogo (komp-
lementarno-adresovarnnogo) alkilirovzni4 nukleinovyx kislot proizvod-
rymi@ligonukleogidov, “nesuSimi  ostatdk  aromaticeskogue™ 2Xlor3til-
amina, pokazano, cto nespeqificeskad modifikagi4d vne kompleksa
rak.leinova4 kislota -rengent proisxodit v nezxacitelénol stepeni (6).
114 fotoafifnygx reagentov opisany s4ucai znacitelénol 4esneéqificnol
modifikagii biopolimera (7).
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Characters with similar shapes in the

Cyrillic and Roman alphabets

Lower Case

Roman Cyrillic
Y Yy (u)
e e (e)
r r (qg)
a a (a)
P p (r)
o) o (o)
c c (s)
m m (m)
X X (x)

Ugger Case

Roman

HX<KHYUORZRXRIMHOW Y

- -
RTINS wihiosecunabiindhe s bty

Cyrillic

X<HUYUORXXRIMOWP

(A)
(V)
(s)
(E)
(N)
(K)
(M)
(0)
(R)
(T)
(U)
(X)




B

Appendix




vr - N NWWW — N o~

A close study of the Russian word in Fig. 1 provides a good
example of the difficulties in scanning this type of document
and the methods employed by Logoscan II to overcome these
difficulties.

aJ Iy KThI

Figure 1

Figure 2(A) is a "normal" character as seen by the scanner, i.e.,
positioned correctly in relation to the other characters, and
not touching surrounding characters. The next three characters,
"Iny", all contain descenders and all bleed into each other,
Figure 2(B). The system first "pushes" the characters up,

Figure 2(C), then makes a first effort at separation, Figure
2(D). The system then decides that this shape, Figure 2(D),

is still two characters and separates them further, this time
recognizing the character as "I1", Figure 2(E).

D I R I R R R N R O L R SRR A I Y P 4 8 ¢ e s s 8 s 8 A s B 8 s 4 s e e s e e e e e

F G H

Figure 2

The procedure is repeated to define the next "I1", Fiqure

2(F), (G), (H). Note that processing is restarted from the
original positioning of the characters., This is so that we can
accurately track a line of text, even with skewing.

Denedh




when scanning typeset material, the OCR will be presented with a
variety of noise present on the page. This can be caused by ink
splattered on the platen (Fig. 3 to left of characters) or
impressions from the reverse side of the page (Fig. 4), or chips
and pieces of type suspended between characters (Fig. 5).
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For the above cases Logoscan II was able to correctly handle the
difficulties (Figs. 6, 7, 8). However, in certain cases the
noise was too severe, and the character was distorted (Fig. 9).
Characters such as this reoresent 50% of the error rate.
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l Figure 10

Characters formed by hot type can be deformed due to missing

pieces, While this usually occurs as weak strokes, sometimes a

chipped slug, or ink missing from a part of the slug, produces

characters such as in Fig. 10, i
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Ascending and descending characters are major problems for OCR
devices, particularly at 7.7 lines per inch, Difficult
situations such as the one pictures in Fig. 11 can occur.

| The sequence, left parenths, super 6, right parenths, right

! parenths, is dangerously close to both the bottom portion of
the Cyrillic "¢" on the line above, and the top portion of the
Cyrillic "6" on the line below. Logoscan II was able to handle
areas like this because it can "track" a line of text and make
decisions on what areas to examine.
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To handle graphics Logoscan II1 requires that the operator draw a
line to the left of the graphics area (Fig. 12). The system will
‘ then recognize this line as a delimiter and go to the next line

{ of text. 1In the output, the system leaves proportional white
space for insertion of graphics later (Fig. 13).
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CRbBIX

Figure 14

The sequence "B*" (-Y*- where * represents any character) posed
a special problem for Logoscan II if the character following the
n b] "

bleeds into it (Fig. 14). Since Logoscan II looks for
characters when presented with a group of touching characters,

and the shape "b" is a legitimate Cyrillic character, the I
portion might be taken as part of the next character.

This situation can only be corrected by post-processing using
grammatical rules, which Logos plans to implement at a later
date.
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the main corpus font because of their lack

The three pictures below are subscripts as seen

in
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Logoscan II is able to handle subscripts and superscripts as

shown below
Superscripts and subscripts are somewhat more difficult than

normal characters

of definition.
by the scanner at 3 by 4 mils resolution.
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ITEM

DG/8611-1I

DG/8615
DG/8614
DG/1012P

DG/4075
DG/4078
DG/6052-D
DG/6086
DG/4079

DG/6070

DG/ECRM4500

QTY

=

NN

DATA GENERAL

DESCRIPTION

HARDWARE:

CPU and Related Items

Eclipse S/130 computer with 64KB MOS memory,
battery backup and ERCC

Writable control store
Character Instruction Set
One-bay cabinet (240V @ 50A)

Console, Editing Terminals and Related Items

I/0 Interface Subassembly

EIA (RS232C) Interface

CRT Display Terminal (24X80)

180 cps, bidirectional 9X7 dot matrix printer
Real Time Clock

Disc Subsystem and Related Items

20 Mbyte DGC Cartridge Disc
Subsystem, (10 fixed, 10 removable)
includes cartridge.

Interface

Direct memory access: DG/8611-I and ECRM/4500
Control: DG/8611-1 and ECRM/4500

SOFTWARE:

Eclipse Stand-Alone Operating System,
Assembler, Macro-Assembler, Fortrain 1V,
Basic Algol Compilers and System Utilities
Eclipse RDOS Operating System Assembler,
Macro Assembler Fortran IV, Basic Algol
Compilers, Sort/Merge, CSP & System Utilities
Eclipse RTOS Real Time Operating System
Eclipse Operating System for Eclipse Series

Diagnostic Operating System for Peripherals

0




ECRM

ITEM QTY DESCRIPTION

HARDWARE :

ECRM/4500 1 4000 Series Autoreader
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